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COMPLETE SPECIFICATION 

Improvements in or relating to the manufacture of 
Non-Woven Fabrics 



We, Imperial Chemical Industries 
Limited, of Imperial Chemical House, Mill- 
bank, London S.W.I., Great Britain, a British 
Company, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particulariy described 
in and by the following statement: — 
The present invention relates to the making 
10 of non-woven fabrics and is particularly con- 
cerned with a method of making nonwovcn 
fabrics of the bonded-web type. 

The making of nonwoven fabrics of the 
bondcd-wcb type generally involves forming a 
15 web of loosely associated fibres and subjecting 
the web to a bonding treatment to bond the 
individual fibres thereby imparting a obtain 
degree of dimensional stability and tensile 
strength to the fabric. The bonding operati<m 
20 may, for example, be accomplished by impreg- 
nating the whole of the web with a natural or 
synthetic resin. Alternatively if the web con- 
tains thermoplastic fibres bonding may be 
done by the application of heat, and frequently 
25 pressure also, to the web. 

Regardless of the form that such all-over 
bonding takes, however, the fabric produced 
is not only stiff and board-like but also has 
an unattractive harsh handle and possesses few 
30 of the properties normally associated with 
woven fabrics such as good drape and soft 
textile-like handle. Hence the use of nonwoven 
fabrics as less expensive substimtes for woven 
or knitted fabrics has been severely limited. 
35 In order to effect an improvement in the 
handle and drape of such bonded-web non- 
woven fabrics it has been proposed to bond 
the fibres in the web together in selected 
areas only, diese areas being called '*binder 
40 areas". This type of bonding is commonly re- 
ferred to as intermittent or patterned bonding. 

One method which has been described for 
effecting such intermittent bonding involves 
applying a resin binder to the fibrous web 
45 from a printing roller. The surface of this 



roller is engraved witit a ^em such that, 
when the binder resin carried in the binder 
receiving recesses is transferred to the web, 
it imprints thereon the required binder pattern. 
The web is then subjected to a drymg opera- 
tion to cause the resin to set substantially in 
the pattern in which it was printed on the 
web. This method is not entirely satisfactory. 
For one thing, it is difficult to ensure a 
uniform distribution of the resin binder 
throu^out the thickness of the web within 
the patterned areas, and this difficulty be- 
comes marked with increasing web thickness. 
Furthermore, our experience has shown that 
thcic is a general tendency for the resin, sub- 
sequent to the removal of the pressure which 
accompanied its application, to diffuse beyond 
the limits of the patterned areas particularly 
at and dose to me surface of the web. In 
consequence of the irregular distribution of 
resin binder, the resulting nonwoven fabric 
tends to possess a variable tensile strengtii 
while the concentration of the bmd» at and 
close to the surface of the web and its diffusion 
away from the patterned areas reduces the 
effectiveness of intermittent bonding in 
improving drape and handle. In addition to 
the disadvantages associated with this mode of 
effeaing intermittent bonding, the nonwoven 
fabrics so produced suffer from a number of 
disadvantages. In particular as the resin binder 
is not generally resistant to laundering and 
dry-cleaning treatments, the fabrics are re- 
stricted in use to inexpensive disposable pro- 
ducts. Furthermore, on accoimt of the pre- 
sence of tiie resin, the fabric tends to be 
highly flammable. 

Alternatively if the web contains hcat- 
activatable, that is thermoplastic, fibres the 
binder pattern may be formed by passing the 
web under pressure between two rollers the 
surface of one of which is provided with an 
embossed pattern, the roller being heated so 
that only those fibres subjected to compressiwi 
are heated The successful operation of this 
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method of intennittent ponding is depadmt 
upon ihe maintenance of a sharp djffeiraual 
between the emboss^ . patterned « 
the roUer and the remainder, and in practice, 

5 this cannot readily be achieved. 

Wehave now found that the patterned 
bonding may, with webs containing thermo- 
pSWwW* eriiibit a dieleonc 10^ 
be more conveniently canicd 

.10 trie welding using a patterned electrode or 
electrodes. , 

Accordingly, the present invenoon provides 
a method of making a 

bonded-web type whenan a fibrous web is 
. 15 bonded in a predetermined pattOT of 

binder areas by dielectric weldmg using at 
least one patterned electrode, a web ooflr 
Sg at feast five per . cent of ftrn whidi 
are thermoplastic and which eriubit a di- 
20 electric loss at the frequency employed m tlie 
said didcctxic welding. . 

The techirique of dielectnc welding involves 
locating the fibrous web between two dsc- 
. trodes, across which there is applied a hig- 
25 freqaeoCT alternating current. Under these 
co?ditio4 when the altemanng frequency is 
such *at conesponding vibrations within the 
molecular strucn»e of the thermoplasuc fibres 
which exhibit the dielectric loss are set up, 
30 heat is generated withm d>esc fibres. The 
amount of heat- generated is, therefor^ de- 
pendant on the physical properaes of the 
fibres which, in turn, will determine how ^ey 
witt respond to the applied alternating fre- 
. 35 quency, the frequency of the alternatmg a»- 
rent applied, and the electric field .sttengft. 
The amount of heat developed ^thm V» 
fibres in unit time, represented by H, can be 
expressed by a formula as follows: — 

40 H = KfE'2tanS 

wherein K is a constant 
f is the applied frequency .... 
E is the electric field strength m the 
fibres 



45 S is the dielectric constant of the 

' material 

tan 8 is die power faoor in the fibres; 
Pdlyamides have a power factor at 65 per 
cent relative humidity and at 73 Mc/s of 

50 0 02 0.03. This value increases with the 

relative humidity to approidmately 0.1. More 
information on the significance of the power 
factor in dielectric welding is provided at 
pages 322—323 of the book "Fibres, Plasttts 
55 and Rubbers" by W. J- RofF and pubhshrf by 
Buttcrworths Scientific PubUcaiions m 1956. 

Referring back to the formula the quanaqr 
S tan 8, a factor which we term the m- 
electric loss, is a characteristic property of the 
60 fibres which varies with the frequency of die 
applied voltage and is also influenced by 
temperature fiucniations. - • ^ 
In consequence of the heat devdcqied withm 



Aptn dnrinst the aroUcation of the high-fre- 

which esMbii a dielectnc loss^^-^.*^^- 
?ated, that is to say, .they «r«°d<^ed ^- 
h«iiv4 thereby bonding together adjacent 

^^rth^nS A which e^^ 70 
dic^ecaic loss at the fK«Iueacy e»Ptor«S 
the welding proass, we t«m wddaWe 
in this specification and the term fW« » " 
be undei«ood to include cpntinnous filaments 
as weU as staple and odier diort fflbr«. 

DidectricaUy bondmg the » a P«* 
determined pattern of spaced binder areas is 
Bchievcd by using at least one patterned etec- 
txode. For best results both the upper and 
lower dectrodes are patterned, the one dec- W) 
trode being in the form of a mirror image ot 
the other. Thus the electrode or dectrodes, 
may have a paialld-lined pattern an^^d to 
bedtherparaMto,oratrightanglesto,tte 

lone axis of the fibrous web to yidd a mock 85 
corduroy fabric Akemativdy the P^^""^ 
be in the form of dismembered 45 ° ag-zags, 
and dismembered equilateral tnangles. 

Among the other types of pattern suKsble 
for use in the present invention there may be W 
mentioned hexagons, mangles, 
paraUdograms, combinations of vano;« poly- 
gons, or diamond shapes. . , . 

The dectrodes may be m the fom of fiat 
pltaes or one or both may be m roUet form, 
The dectrodes mav provide a pair of co- 
oueratini travelling' surf aces arranged to tra- 
vme the fabric between them. For this pur- 
pose. roUer dectrodes are particularly suiuble 
Atonarivdy the fibrous web naay be passed 100 
continuously between the two dectrodes or it 
may be held stationary during the didectnc 

^ Th?'aforementioned pattaning should be 
such that the welds are suffiaently dose to- 105 
gether to ensure that eadi fibre m tiie web is 
bonded at least once along its ^^fSf^ J'.-]^ 
ably the cKstancc between the wdds shouU be 
less than half the length of the shorten fibres 

in the web. ... 

nie web which is subjcaed to the win 
frequency alternating current may be Wbn- 
cated in a number of ways, and the nethod 
selected in a particular instance, depaid^ «o a 
very laree extent on the len-rth of ihc r.orcs 115 
when fibres other than continuous filaments 
arc used. Staple-fibre, continuous-filament and 
continuous-filament-yam webs are all suitable 
for use in this present invention. 

Staple-fibre webs may be prepared, for 
example, by a woollen or cotton carding 
madibie or a gametting machine which result 
in a wd} in whidi the staple fibres are oriented 
ptedomuiandy in one direction. The Hun web 
obtained ftom a wngle card or garnet may be i£> 
used by itsdf but generaUy it is necessary and 
desirable to superpose several such webs to 
build 1^ die wd> to a su£Bcieni thickness and 



1,092,373 



unifoTmity for the end \ise intended. In build- 
ing up- such a web, alternate layers of carded 
webs may be disposed with their fibre orienta- 
tion directions dkposed at a certam angle, 
5 conveniently 90®, with respea to intervening 
layers. Snch cross-laid webs have the advan- 
tage of possessing approximately the same 
strength m at least two directions. Finlhcr- 
more, cross-lapping in this maimer provides a 
10 produrt having a balanced stretchabuity. Ran- 
dom or isotropic staple-fibre webs may be 
obtained^ for example, by air-laying stable 
fibres. Thus, one stable-fibre web suitable for 
use in the process of this invention may be 
15 obtained by feeding continuous filaments to a 
cutter or breaker which discharges the fibres 
into an air stream produced by the blower. 
Suitable conduits are provided to guide a sus- 
pension <rf the staple fibres in a current of air 
20 to a foraminous surface on which the fibres 
settle as an interlaced and matted layer prefer- 
ably being encouraged to do so by the applica- 
tion of suction on the other side of said sur- 
face. The foraminous surface can be in the 
25 form of an endless belt which is caused to 
travel past the place at which the fibres ate 
fed to it, so as to form a continuous layer of 
indefinite lengdu Instead of having a travelling 
flat screen, a stationary, shaped screen may be 
30 used for formation of shaped articles. 

Continuous-filament webs may conveniently 
be prepared by drawing off directly from a 
spinning (i.e. polymer extrusion) unit, or they 
may be formed from a package or other stor- 
35 age device for yam (miiltifilaments) or mono- 
filament alrea^ spuiL Thus the filaments 
(mono- or multi-) may be formed into^ a 
layered web by feeding them onto a collecting 
surface where tiiey accumulate in overlapping 
40 layers, the individual filaments in each layer 
being prcdominandy coplaner, lying parallel 
or substantiaDy parallel to the collecting sur- 
face and to the bottom and top of die web so 
formed. 

45 Continuous-filament-yam webs in which the 
filaments are present as multifilaments may 
conveniently be prepared in a process wherein 
freshly spun filaments comprising one or more 
polymer components are subjected to the 
50 action of a high-velocity turbulent fluid jet 
which attenuates and orients the filaments and 
intermingles them to form a twisdess yam, 
which yam is forwarded by the fluid jet and 
deposited on a receiving surface in a random 
55 loopy manner. 

The web may be composed wholly of fibres 
exhibiting a dielectric loss at the frequency 
employed in the wdding process (weldable 
fibres), aldiough it is only necessary that the 



fibrous web contain five per cent of such fibres 60 
and thus there may be mixed with them up t 
95 per cent f other fibres which for con- 
venience will be described as non-wddable 
fibres although it is necessary that die fibr« 
be non-weldable under conditions in which the 65 
weldable fibres show a dielectric loss. 

Any fibre which exhibits a didectric loss at 
the frequency employed in the welding process 
may be used in the present invention although 
preferably the fibres exhibiting a dielectric loss 70 
Le. the weldable fibres should be substantially 
non-crystalline, or should not recrystallise on 
cooling after welding. Thus although, in the 
polymeric series for example both poly(hexa- 
methyleneadipamide) (nylon 66) and poly- 75 
(Epsilon-caprdactamJ (nylon 6) may be em- 
ployed as wddable fibres, the welds obtained 
are brittie owing to sphoulitic crj^Uisation 
on cooling after welding and tend to crack 
when the fabric is flexed This problem can, 80 
however, be overcome if these fibres are spun 
containing suitable crystallisation inhibitors. 

Suitable wddable fibres in the polyamide 
series include copolymers of hexamethylene- 
adipamide and epsEon-^prolactam in 80/20 8f 
and 75/25 proportions by wdght, these co- 
polymers bemg substantially non-oystalline. 

Particularly useful nonwoven fabrics can be 
obtained by using composite filnrcs as the weld- 
able fibres, the composite fibres comprising at 90 
least two components. In cross-section the 
components occupy distinct zones. The com- 
ponents, may, for example, bear a side-by-side 
rdationship or one component may be com- 
pletely and eccentrically surrounded by an- 95 
other component, i^ a form of the shcadi and 
core rdationship. 

Suitable components for producing the com- 
posite fibres can be found in all groups of 
synthetic fibre-forming materials. Because of 100 
thdr commerdal avaikbility, ease of proc^- 
ing and excellent properties^ the condensation 
polymers, for example, polyamides, and poly- 
esters, and particular^ diose which can be 
melt-spun are very suitable for use in the pre- 105 
sent invention. Other composite fibres which 
may be used include, for example, those based 
on or containmg polyesteramides, polysulphon- 
amides polyolefins, polyurethanes or any com- 
bination of these polymers, the only substantial 110 
limitation being that the components of the 
composite fibres should be suffidendy com- 
patible to resist mdue fibrillation. 

Examples of suitable composite fibres in 
which botii components are-fibre-f orming poly- 1 15 
meric materials include those listed in the 
following table:-?- 
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TolyComega-aminoundecanoic add) 
ponents. 

Temolvmers of hexamcthylenfr-adipamidfi/ epsaonrapra- 
the three components. 



PolyQicxamethyleneadipaniide) 
PolyOicxaniccbylencadipanude) 



10 



15 



20 



A number of methods are available by 
the composite fibres may be prePf^- 
for example, they may be prepared by the 
SthS^ descrn^ in British Patents N^- 
moll; 580,764; and 580,941 which invoke 
co-spini^mg by a process of mdt plasucj^ 
m£ wet or dry spimring, the polyr^^t- 
Sfals so that ^ey fonn a nmtaiy filament 
Suitable processes and apparatus for u» m 
production of composite fit«W m wludi 
the components are «ide.by-side by melt spin- 
n^ne are for example, described in die 
SificatL of our copending appUcation for 
Lenns Patent No. 27350/61 (Scnal No. 
l!3^9)Zi 29295/62 {Serial No. 10358^ 
Prior to or during ihe spinmng operauon di« 
may be added pigmene, plasticisers, dyes, 
moth-proofing agents, fire-proofing agents, 
fillers, abrasives and/or light-stabUiatn^ 

Tl4 composite fibres may be 
<nher weldaHe and/or non-wddaWe fibres if 

"T^-weldable fibres dieie oay .^^ em- 
25 ployed any fibres which are non-weldable at 
Se frequency employed. Examples mdudc 
non-thSnoplastic fibres sudi as cotton, wool, 
rayon fibres from polymers based on acrj^om- 
trUc, for example Acrflan (Acnlan « a Beg^ 

30 sterol Trade Mark), or odier syii*e^c fib^ 
whidi exMbit a diekctnc loss (but^not at the 
frequency employed) sudi as Polyhyd^o^^on^ 
for exai^ple, polyethylene and jolyprppytoc. 
The process of the preset i^^ntionjnU 

35 now be more fully illustrated m the foDowmg 
examples, -which examples arc m no way m- 
tended to limit the scope of tbe mvcntjon. 

Example 1 
A quantity of 6-deliier two-inch staple fibres 
40 formed from .composite S^re coi^isong of 
equal proportions by weight of poly<hexa^ 
SylSieadipamide) and an 80/20 random 
copolymer <5 hexamethylcneadipamide and 
SSEprolactam (nylon 66//66/6>, the two 



45 



components being arranged ^^^y^\7'fc 
bffid with an equal quantity by «e»ght of 
one-and-a-half-indi-long couon fibre. 

The blend was then carded usmg a cotwn 
cai too a loose fibrous web havmg a wegt 

S approximately 6 ounces per square ywd. 50 
oi ap^jiuA**^ jr ^^^^ J between the two 
The web was then pressed ,oetwc«i ure 

electrodes in a didecmc weWmg 
a mamier sudi that one suxfaa &cweb 
L,Xavs in contact widi one fixed electrode 

Taost^^ it moves, while Jeopposi^ 55 
face of the web was cpntaoed, at r^ 
Stervals by a patterned dectrode. The ^pphf 
dSng frequency was 73 Mc./s. The pat- 
SnTn the electrode was in tbc form five 
paralkl lines extending along Ae 1*°^* « 
?te dectrode. and spaced apart by a ^stgce 
of 0 25 of an inch. In consequence of die hMt 
geneSted within the composite fibres by ±e 
hidi-frequency altematmg current, the co- 
Sn5 coiSoncnt of the heterofilaments IS 65 

tensile strength. 



EKAMPtE 2 
The procedure set forth in Exampte 1 
n-neated except that 8-demcr two-an^-hatf- 
KSyorfiSes replaced the cotton fibres m 

^^'nTfibrous web wdded wdl to give a non- 
^ f abiic diaracterised by a soft-textde-lAe 
handle and a good tcnak strengtn. 

'Example 3 
A carding web consisting of a random ma- 
ture of 30 parts by wdght f 3-denier.pcr- 
Kient (dU) ioe-and-a-half-mdi poly- 
S^amediileneadipamide) staple f^^^^^ 
parts by wVight of 3 d.pi. one-and-a-half-indi 
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staple fibres derived from an 80/20 copolymer 
or hcxamethyleneadipamide and epsilon-caprq- 
lactam was dielecmcally welded using an elec- 
trode paitemed in the fonn of a 45** dis- 

5 membercd zig-zag at a frequency of 73 Mc/s. 
The lines of the zig-zag pattern were spaced 
so that there were two to the inch across the 
width of the web. The resulting noawoven 
fabric had a soft handle, a good drape and an 

10 adequate tensile strength in both the longitud- 
inal and cross-wise direction. 

Example 4 
A carded web consisting of 30 parts by 
weight of 3 d.p.f. one-and-a-half-inch staple 

15 fibres of poly(hexaniedtyleneadipamide) and 70 
parts by weight of 6 d.pi . one-and-a-half-inch 
staple fibres of a composite fibre, comprising 
equal pans of poly-(hexamethyleneadipamide) 
and an 80/20 random copolymer of hexa- 

20 methyleneadipamide and epsiloncaprolactam 
was processed in the manner of Example 3 to 
yield a nonwoven fabric having a softer handle 
and good strength and drapability. 



Example 5 

25 A carded web consisting of a random mix- 
ture of 20 parts by wd^t of 12 d.pi. six- 
inch-staple fibres of poly(hexamethyleneadip- 
amide) and 80 parts by weight of a composite 
fibre composed of equal proportions by weight 

30 poly(hexamethyleneadipamide) and an 80/20 
random copolymer of hcxamethyleneadipamide 
and epsiloncaprolactam the two components 
being arranged side-by-side was dielectrically 
welded at spaced intervals over the surface of 

35 th web using an electrode having a profile in 
the form of small dismembered equilateral 
triangles. The resulting weld areas were ap- 
proximately 0.25 inches long and 0.02 inclis 
wide. The fabric produced had a soft handle 
40 and good drape. 



Example 6 
A carded web consisting of a random mix- 
ture of 30 parts by wei^t of 3-denier two- 
and-a-half-inch polyvinyl chloride fibres and 

45 70 parts by weight 3-denier one-and-a-half- 
inch poly(hexamethyleneadipamide) fibres was 
dielearicaily welded using an electrode pat- 
terned in the form of small dismembered equi- 
lateral triangles. The weld areas, which result 

50 from the activation of the polyvinyl chloride 
fibres as the weldable fibres, were approxi- 
mately 0.25 inches long and 0.02 inches wide. 
The fabric produced had a textile-like handle 
and drape, and a good tensile strength. 



copolymer of hexamcthyleneadipamide and 60 
epsiloncaprolactam, the two components being 
arranged side-by-side was carded using a cotton 
card, and the laps so formed cro3slapped in a 
conventional manner into a loose fibrous web 
having a weigt of approximately 6 ounces per 65 
square yard. This web was then dielectrically 
welded using the technique set forth in Ex- 
ample 1. . V 

The resulting nonwoven fabric, across wnicb 
there was arranged a series of parallel-line W 
binder areas, the binder being derived from 
activation of the copolymer (weldable) com- 
ponent of the heterofilaments, had good drape 
and an excellent tensile strength. 

EXAAIPLE 8 75 
Composite fibres consisting of equal pro- 
portions by weight of poly(hexamethylene- 
adipamide) and an 80/20 random copolymer 
of hexamethyleneadipamide and epsiloncarpro- 
lactam the two components bemg arranged 80 
side-by-side were spun m a continuous fashion 
through orifices in a spinneret and then con- 
verged into a bundle at the throat of an aspir- 
ating jet. Within the aspirating jet the fila- 
ments were aaed upon by high-vdodty 85 
air which was supplied through an 
inlet in the side wall of the jet. Toroidal vor- 
tices having their axes substantially perpen- 
dicular to &e mean axes of the filaments, are 
thought to be formed within the jet thereby 90 
creating a turbulent zone around the filaments 
which has the effect of whipping the filaments 
from side to side and causing them to inter- 
mingle one with another. The intermingled 
yam so obtained was forwarded, by 95 
the blast of air issuing from the jet, 
10 a receiving smface where it was laid 
in a random loopy manner to form a continu- 
ous-filament-yam web having a weight of ap- 
proximately 6 ounces per square yard. The 100 
web was then dielectrically welded by the 
procedure set forth in Example 1 and the 
intermittently bonded nonwoven fabric so pro- 
duced had a soft, pleasant handle and a good 
drape. 1^ 

The nonwoven fabrics of Examples 7 and 8 
are advantageously distinguished from inter- 
mittently bonded nonwoven fabrics heretofore 
available in that they possess a homogeneous 
charaacr, since the fibres which serve to hold 110 
the fabric together (binder fibres) are of idenri- 
cal chemical nature to the fibres which give 
die fabric its structure. 



55 Example 7 

A quantity of 6-denier two-inch staple fibres 
formed from composite fibres consisting of 
equal proportions by weight of poly(hexa- 
methyleneadipamide) and an 80/20 random 



WHAT WE CLAIM IS: — 

1. A method of making a non-woven fabric 115 
of the bonded-web type which comprises bond- 
ing in a predetermined pattern of spaced 
binder areas by dielectric welding at least one 
patterned elearode, a web containing at least 
5% of fibres which arc thermoplastic and ex- 120 
hibit a dielectric loss at the frequency em- 
ployed in said dielectric welding. 
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2 A method as daimed in Qaim 1 wherein 
the fibrous web is. in the form of a staple-fihre, 
a continuous-filament or a continuous filament- 

vflxn web • 

3 A method as claimed in Claim 1 whercm 
the thennoplastic fibres exhibiting sa:d di- 
dectric loss are derived from or are m the 
form of composite fibres- 



4 A method as claimed in Qaim 3 wherein 
the'composite fibres comprise two compon- 
iaa one of which is poly (haamethylcnc- 
adipamide) and. the. o±a. of « ^ 

polymer of hexametiiyleiieadipanude and 

epsUoncaprolact^^ SCOTT, 
Chartered Patent Agent 



